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Description
Technical Field:

[0001] The present invention relates to polypropylene-based resin expanded beads and to a molded article of the
expanded beads.

Related Art:

[0002] Because a polypropylene-based resin expanded beads molded article is light in weight and excels in cushioning
property and rigidity, it is used for various applications. One known method for producing such a molded article is an in-
mold molding method which includes filling polypropylene-based resin expanded beads in a mold cavity, heating the
expanded beads with steam to secondarily expand and fusion-bond the expanded beads into a molded article with a
desired shape, cooling the molded article in the mold cavity with water or air, and releasing the molded article from the
mold.

[0003] When the molded article released from the mold is then left stand at room temperature, steam flowing into the
cells thereof during the in-mold molding is condensed in the cells so that the inside of the cells has a negative pressure. As a
consequence, the molded article is apt to shrink and deform. To cope with this problem, the molded article released from
the mold is generally subjected to an aging step in which the molded article is allowed to stand in a high temperature
atmosphere of, for example, 60°C to 80°C to recover the shape of the molded article.

[0004] If, in the in-mold molding method for producing the polypropylene-based resin expanded beads molded article,
such an aging step is able to be omitted, the production efficiency of the molded article will be significantly improved. Thus,
Japanese Unexamined Patent Publication JP2003-39565A discloses a thermoplastic resin expanded beads molded
article in which the thermoplastic resin expanded beads each has a foamed core layer and a cover layer covering the
foamed core layer. The expanded beads are fusion bonded between their covering layers that are in contact with each
other such that gaps or interstices there between are maintained as such. JP2003-39565A alleges that no aging step is
needed after the in-mold molding process.

[0005] Japanese Unexamined Patent Publication JP2000-129028A discloses use of specific polypropylene-based
resin expanded beads for in-mold molding of expanded beads molded article. The polypropylene-based resin expanded
beads have a specific melting point, a specific melt flow index and a specific Z-average molecular weight.
JP2000-129028A alleges that it is possible to shorten the aging time. Summary of the Invention:

[0006] Whilst the technique disclosed in JP2003-39565A may omit the aging step, the appearance and rigidity of the
obtained molded article is not satisfactory, since voids remain present between the expanded beads of on the surface of
the molded article. The technique described in JP2000-129028A has a problem that the required polypropylene based
resin raw material is not easily available. Further, although the aging time may be shortened, the aging step is still required.
When the aging step is omitted, itis difficult to obtain a molded article having a desired shape, because the molded article is
apt to shrink and deform. Additional prior art embraces:

D1 =EP1707592 A2

D2 = JP2022 096231 A

D3 = EP 3309197 A1

D1 discloses in examples 3,5,6 (table 2) expanded beads of polypropylene-based resin comprising a through hole
having a high closed cell content, the through hole having a maximum diameter, an average cell diameter in radial and
circumferential direction which are meeting the requirements which are useful in the present invention.

D2 discloses (examples 1-3; table 2) an expanded bead of polypropylene-based resin comprising a through hole and
having an average hole diameter of less than 1 mm and a foam moulding obtained therefrom.

[0007] All of D1, D2 and D3 are silent with respect to a bead having an average cell diameter Li of the inner surface
portion smaller than the average cell diameter La. Moreover, neither of D1-D3 discloses an average cell diameter Li of an
inner surface portion.

[0008] It is an important objective problem of the present invention to provide polypropylene-based resin expanded
beads capable of producing, by in-mold molding, a molded article that has a desired shape and excels in appearance and
rigidity even when an aging step is omitted. Another objective problem of the presentinvention is to provide polypropylene-
based resin expanded beads that allows production of molded articles with a reduced molding cycle time and an improved
production efficiency.

[0009] In accordance with one aspect of the present invention, there are provided:

[1] An expanded bead of a polypropylene-based resin, comprising a through hole, and an inner peripheral surface
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defining said through hole, characterized in that

said through hole has an average hole diameter d of 1mm or less,

said expanded bead has a closed cell content of 85% or more and an average cell diameter La of 50 wm or more
and 300 pum or less,

said expanded bead has an inner surface portion that extends along the inner peripheral surface to a depth of 300
pm from the inner peripheral surface and that has an average cell diameter Li of 5 um or more and 150 umor less,
wherein the average cell diameter Li of the inner surface portion is smaller than the average cell diameter La of the
expanded bead.

[2] The expanded bead according to above [1], wherein the average cell diameter Li of the inner surface portion is 30
pm or more and 100 wm or less.

[3] The expanded bead according to above [1] or [2], wherein a ratio Li/La of the average cell diameter Li of the inner
surface portion to the average cell diameter La of the expanded bead is 0.65 or less.

[4] The expanded bead according to any one of above [1] to [3], wherein aratio d/D of the average hole diameterdtoan
average outer diameter D is 0.4 or less.

[5] The expanded bead according to any one of above [1] to [3], wherein the expanded bead has an average thickness t
of 1 mm or more and 2 mm or less, wherein the average thickness tis defined as (D-d)/2 where D is an average outer
diameter and d is the average hole diameter.

[6] The expanded bead according to above [5], wherein a ratio t/D of the average thickness t to the average outer
diameter D is 0.35 or more and 0.5 or less.

[7] The expanded bead according to any one of above [1] to [6], wherein the expanded bead has an apparent density of
10 kg/m3 or more and 150 kg/m3 or less.

[8] The expanded bead according to any one of above [1] to [7], wherein the expanded bead has a cover layer that
comprises a polyolefin-based resin and that forms at least part of an outer peripheral surface of the expanded bead.
[9] The expanded bead according to above [8], wherein a mass ratio of the resin constituting the foamed core layer to
the resin composing the cover layer is 99.5:0.5 to 80:20, and wherein the polyolefin-based resin constituting the cover
layer has a melting point which is lower than a melting point of the polypropylene-based resin.

[0010] In another aspect, the present invention provides:
Use of a multiplicity of the expanded beads according to any one of above [1] to [9] for producing a molded article wherein
said multiplicity of the expanded beads are fusion bonded together by being heated in a mold.

Effects of the Invention:

[0011] The polypropylene-based resin expanded beads of the present invention are capable of forming, by in-mold
molding, a molded article having an excellent appearance, rigidity and dimensional stability even when an aging time is
shortened or an aging step is omitted. Additionally, the expanded beads permit the molding cycle time to be shorted and,
therefore, are capable of improving production efficiency of the molded articles.

Brief Description of the Drawings:
[0012]

FIG. 1is a perspective view schematically illustrating a firstembodiment of an expanded bead of the presentinvention.
FIG. 2 is a side view schematically illustrating a second embodiment of an expanded bead of the present invention.
FIG. 3is a scanning electron microscope (SEM) image of a cross-section perpendicular to a penetrating direction of a
through hole of an expanded bead of the second embodiment obtained in Example 1.

FIG. 4 is a scanning electron microscope (SEM) image of a cross-section parallel with the penetrating direction of the
through hole in FIG. 3.

FIG. 5 is a schematic diagram showing an example of a DSC curve obtained in the heat flux differential scanning
calorimetry of the expanded beads of the present invention.

Embodiments of the Invention:
[0013] The polypropylene-based resin expanded beads according to the present invention will be described in detail

below.
[0014] In the following description, "polypropylene-based resin expanded beads" will be also referred to simply as
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"expanded beads". In the specification and claims, the term "polypropylene-based resin expanded beads molded article"
is intended to refer to a molded article of polypropylene-based resin expanded beads that are fusion-bonded together. In
the following description, "polypropylene-based resin expanded beads molded article" will be also referred to simply as
"molded article".

[0015] In the specification and claims, the singular form (a, an, the) includes the plural form unless the context clearly
indicates otherwise. Thus, for example, "an expanded bead" is intended to include "two or more expanded beads". In the
present specification, "A to B" representing a numerical range is synonymous with "A or more and B orless". Further, in the
specification, the end points (namely, upper and lower limits) of the numerical ranges including sub-ranges are
independently combinable with each other; for example, ranges of "A to B, preferably C to D, more preferably E to F"
include all intermediate values of the ranges including "Ato D, Ato F, Cto B, C to F, E to Band E to D".

First Embodiment of Expanded Beads:

[0016] The expanded bead of the first embodiment of the present invention comprises a base resin including a
polypropylene-based resin. As used herein, the term "base resin" is intended to refer to any resin or polymeric material
capable of forming expanded beads each having a multiplicity of cells. In the present specification, the polypropylene-
based resin refers to a homopolymer of a propylene monomer and a propylene copolymer containing 50 mass % or more,
preferably 80% by weight or more, more preferably 90% by weight or more of a propylene-derived structural unit. The
polypropylene-based resin is preferably a propylene copolymer obtained by copolymerizing propylene with another
monomer. Specific examples of the polypropylene-based resin preferably include a copolymer of propylene and an a-
olefin having 4 to 10 carbon atoms, such as an ethylene-propylene copolymer, a butene-propylene copolymer, a hexene-
propylene copolymer and an ethylene-propylene-butene copolymer. These copolymers may be, for example, random
copolymers, block copolymers and are preferably random copolymers.

The polypropylene-based resin may be a mixture of plural kinds of polypropylene-based polymers.

[0017] Above all, the propylene-based resinis preferably arandom copolymer of propylene and acomonomersuchasa
propylene-ethylene random copolymer and a propylene-ethylene-butene random copolymer. It is also preferred that a
content of the comonomer in the random copolymer is 0.5 to 10% by mass based on 100% by mass of the total of the
comonomer components and propylene components, since the resulting expanded beads are capable of giving a molded
article having excellent rigidity even when a relatively low molding temperature is employed.

[0018] From the viewpoint that a molded article with minimized deformation and shrinkage can be obtained even when
an aging treatment is omitted, the polypropylene-based resin constituting the expanded bead is preferably a propylene-
ethylene random copolymer having an ethylene component content of 0.5% by mass or more and less than 2.0% by mass.
From the viewpoint of improving the moldability of the expanded beads and capability of obtaining a molded article having
an excellent energy absorbing property, on the other hand, the polypropylene-based resin is preferably a propylene-
ethylene random copolymer having an ethylene component content of more than 2% by mass and less than 4.5% by mass,
more preferably 2.5 to 4.0% by mass, still more preferably 2.8 to 3.5% by mass.

[0019] The content of the comonomer components in the copolymer may be determined by measurement of IR
spectrum thereof, which is well known in the art. As used herein, the propylene component and comonomer component
refer to a structural unit derived from propylene and a structural unit derived from the comonomer, respectively, in the
copolymer of propylene and the comonomer. The contents of such monomer and comonomer components in the
copolymer mean the contents of structural units derived from the monomer and comonomer in the copolymer.

[0020] The base resin constituting the expanded beads of the present invention may contain a polymer other than the
propylene-based resin as long as the effects of the present invention are not adversely affected. Examples of the other
polymer include thermoplastic resins other than polypropylene-based resins, such as polyethylene-based resins and
polystyrene-based resins, and thermoplastic elastomers. The content of the other polymer in the base resin of the
expanded beads is preferably 20 mass % or less, more preferably 10% by mass or less, still more preferably 5% mass or
less, particularly preferably 0. Thatis, the base resin of the expanded beads contains the polypropylene-based resinin an
amount of preferably 80% by mass or more, more preferably 90% by mass or more, still more preferably 95% mass or
more, particularly preferably 100 % by mass.

[0021] Itis preferred that the polypropylene-based resin has a melting point Tmc of 155°C or lower, more preferably
153°C or lower, for reasons that a molded article having excellent appearance and rigidity is obtainable even at a low
molding heating temperature (that is, a low molding pressure). From the viewpoint of improving the heat resistance and
mechanical strength of the molded article, on the other hand, the melting point Tmc of the polypropylene-based resin is
preferably 135°C or higher, more preferably 138°C or higher, still more preferably 140°C or higher.

[0022] The melting point Tmc of the polypropylene-based resin may be determined by differential scanning calorimetry
(DSC) in accordance with JIS K 7121 (1987). Specifically, a polypropylene-based resin sample is first subjected to a
conditioning treatment with use of "(2) when the melting temperature is measured after a certain heat treatment” and then
heated from 30°C to 200°C at a heating rate of 10°C/min to obtain a DSC curve. The melting pointis a peak top temperature
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of the melting peak thereof. When a plurality of melting peaks appear in the DSC curve, the peak top temperature of the
melting peak having the largest area is taken as the melting point.

[0023] The polypropylene-based resin preferably has a melt flow rate (MFR) of 5 g/10 min or more, more preferably 6
g/10 min or more, still more preferably 7 g/10 min or more, from the viewpoint of improving expandability and moldability of
the expanded beads. From the viewpoint of improving the rigidity of the molded article, the MFR is preferably 12 g/10 min or
less, more preferably 10 g/10 min or less. The MFR of the polypropylene-based resin is a melt mass flow rate as measured
under the conditions involving a test temperature of 230°C and a load of 2.16 kg in accordance with JIS K7210-1(2014).
[0024] The polypropylene-based resin preferably has a flexural modulus of 800 MPa or more, more preferably 850 MPa
or more, still more preferably 900 MPa or more, from the viewpoint of improving the rigidity of the molded article and
suppressing dimensional variation of the molded article when the aging step is omitted. From the standpoint of capability of
obtaining a molded article having excellent appearance, rigidity and energy absorbing property at a low molding
temperature, on the other hand, the flexural modulus of the polypropylene-based resin is preferably 1,200 MPa or less,
more preferably 1,100 MPa or less, still more preferably 1,000 MPa or less. The flexural modulus of the polypropylene-
based resin may be determined in accordance with JIS K7171(2008).

[0025] Withthe conventional technique, a molded article is apt to significantly shrink and deform when expanded beads
of apolypropylene-based resin with a flexural modulus of less than 1,200 MPa are subjected to in-mold molding in which no
aging treatment is conducted, because resistance of the molded article to shrinkage and deformation is insufficient. With
the polypropylene-based resin expanded beads of the present invention, in contrast, an aging step can be omitted even
when the polypropylene-based resin has a flexural modulus of less than 1,200 MPa.

[0026] Description will be next made of a shape (or geometry) and a cell structure of the expanded bead of the present
invention. The expanded bead has any conventionally known broad class of shapes including, for example, spheres,
columns, ellipses, circular cylinders, prisms, cubes, cuboids, cones, pyramids, truncated cones and truncated pyramids
with a through hole formed therein. Angular edges, corners and ridges of the above shapes are generally rounded. From
the standpoint of easiness in production, generally spherical, prismatic, columnar or cylindrical shape is preferred.
[0027] The expanded bead has one or more through holes. When expanded beads having no through holes are in-mold
molded without an aging step, the obtained molded article is liable to considerably shrink and deform. Because of easiness
in production, it is preferred that the expanded bead is provided with only one through hole. It is also preferred that the
expanded bead has a cylindrical shape and has a through hole extending in the axial direction.

[0028] The expanded beads of the present invention, each of which has a through hole and has a specific cell structure
described hereinafter, make it possible to produce a molded article having a desired shape, excellent appearance and
rigidity, even when an aging step is omitted or even when an aging time and/or an aging temperature is significantly
reduced. Specifically, by allowing the molded article released from a mold to stand in an environment at room temperature
(e.g., 23°C) for an appropriate period (e.g., 12 hours), the shape of the molded article is stabilized.

[0029] An example of the expanded bead of the first embodiment is schematically illustrated in FIG. 1. The expanded
bead 1 is of a generally circular hollow cylindrical shape and has an outer peripheral surface 12 and an inner peripheral
surface 13. The inner peripheral surface 13 defines a through hole 11 extending between top and bottom openings 11aand
11b of the expanded bead 1. The expanded bead 1 has an inner surface portion 14 shown by the phantom line. The inner
surface portion 14 extends along the inner peripheral surface 13 to a depth of 300 pm from the inner peripheral surface 13.
[0030] The through holes of the expanded beads serve as flow passages for a heating medium such as steam during in
mold-molding of the expanded beads to produce a molded article. Namely, the heating medium flows not only between
gaps of the expanded beads but also through the through holes thereof and more easily heats the whole expanded beads.
Thus, the heating efficiency of the heating medium is improved and, hence, the heating time, temperature and flow rate of
the heating medium may be reduced. This contributes to a reduction of molding cycle time, omission of an aging step and
improvement of the production efficiency. As used herein, "molding cycle time" refers to a period of time required for one
cycle of in-mold molding process, generally from the start of feeding expanded beads to the mold until release of the
molded product from the mold.

[0031] Itis important that the through holes of the expanded beads have an average hole diameter d of 1mm or less.
When the average hole diameter d is excessively large, the appearance and the rigidity of a molded article obtained
therefrom may be deteriorated because the through holes remain unclosed. The average hole diameter d of the expanded
beads is preferably 0.9 mm or less, more preferably 0.8 mm or less, still more preferably 0.7 mm or less, from the viewpoint
that a molded article having a desired shape and excellent appearance and rigidity is obtainable even when an aging step
is omitted. From the viewpoint of surely suppressing shrinkage and deformation of the molded article in the case of omitting
an aging step, on the other hand, the average hole diameter d of the expanded beads is preferably 0.1 mm or more, more
preferably 0.2 mm or more. All the upper and lower limits of the average hole diameter d disclosed herein may be combined
to define preferred ranges. Thus, for example, the hole diameters of 0.1 to 1mm, 0.2to 1 mm, 0.1t0 0.9 mm, 0.2t0 0.8 mm
and 0,2 to 0.7 mm are preferred ranges of the hole diameter d of the through holes of the expanded beads.

[0032] The expanded beads having small diameter through holes make it possible to produce an expanded beads
molded article having substantially no shrinkage and deformation, even when an aging step is omitted. The reason for this
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is considered to be as follows. The molded article produced from the expanded beads of the present invention by in-mold
molding tends to be formed with minute voids or gaps which are in communication with the outside atmosphere. As aresult,
as soon as the molded article is released from a mold, air can flow into the cells located deep in the molded article to
increase the inside pressure of the whole molded article and, hence, the dimension of the molded article is stabilized early.
Further, during the in-mold molding step, a heating medium such as steam easily flows between and into the expanded
beads to thereby enable to perform the molding at a lower steam pressure. It is considered that as a consequence of the
above phenomena in combination, a good molded article free of shrinkage and deformation can be produced, even when
an aging treatment is not conducted.

[0033] The above-mentioned minute voids formed in the molded article are considered to be formed from intercom-
municated interstices between the expanded beads, intercommunicated through holes that have not completely closed,
combination of through holes of and interstices between the expanded beads, open cells formed by destruction of closed
cells in inner surface portions of the expanded beads, etc.

[0034] The average hole diameter d of the through holes of the expanded beads may be adjusted, for example, by
controlling the hole diameter dr of resin particles (described hereinafter) from which the expanded beads are produced, by
controlling the apparent density and/or heat of fusion of high temperature peak of the expanded beads. Itis also possible to
reduce the average hole diameter d by subjecting the expanded beads to two step expansion.

[0035] The average hole diameter d of the through holes of the expanded beads is determined as follows. First, an
expanded bead is cut perpendicular to the penetrating direction of the through hole at a position where the area of the cut
surface is maximum. A photograph of the obtained cut surface of the expanded bead is taken. The area of the through hole
portion in the photograph (that is, the cross-sectional area of the through hole) is determined. The diameter of a virtual
perfect circle having the same area as the determined area is calculated. The calculated value represents the hole
diameter of the through hole of the expanded bead. The above measurement is performed on 100 expanded beads, and
the arithmetic mean value of the hole diameters is taken as the average hole diameter d of the expanded beads.
[0036] Whenitis difficult to determine a position where the area of the cut surface is maximum, the following alternative
method may be used. An expanded bead is cut perpendicular to the penetrating direction of the through hole into quarters.
A cut surface having the maximum area among the obtained cut surfaces is selected as a measurement sample for the
above-described determination of the average hole diameter d.

[0037] Itisalsoimportantthatan average cell diameter La of the expanded bead should be 50 wm or more and 300 wm or
less in order for the expanded bead to exhibit excellent secondary expansion efficiency, appropriate resistance to the heat
during the in-mold molding and excellent in-mold moldability and to thereby give a molded article having excellent
mechanical properties. For these reasons, the average cell diameter La of the expanded bead is preferably 80 to 280 pm,
more preferably 100 to 250 pm. All upper limits and lower limits disclosed herein may be combined to form preferred
ranges. Thus, for example, average cell diameters of 50 to 280 wm, 50 to 250 pum, 80 to 300 pm, 80 to 250 pwm, 100 to 300
pm and 100 to 280 wm are preferred ranges of the average cell diameter La of the expanded bead.

[0038] The average cell diameter La of the expanded beads is measured as follows. An expanded bead is cut
perpendicular to the penetrating direction of the through hole at a position where the area of the cut surface is maximum.
The cross-section is photographed with a microscope. On the obtained photograph, eight angularly equally spaced
straight line segments (i.e., 45 degrees apart) extending radially from the approximate center of the through hole toward
the outer peripheral surface of the expanded bead are drawn. Then, a number (Nx) of the cells that intersect the eight line
segments is counted. Also measured is a total length (Lx) of those portions of the eight line segments which intersect the
cells. The value obtained by dividing the total length by the number of the cells (Lx/Nx) is defined as the average cell
diameter of the expanded bead. Similar procedures are repeated for 50 expanded beads in total. The arithmetic mean of
the average cell diameters of the 50 expanded beads is defined as the average cell diameter La of the expanded bead.
[0039] Itis furtherimportant thatthe inner surface portion (designated as 14 in FIG. 1) of the expanded bead should have
an average cell diameter Li of 5 to 150 wm and that the average cell diameter Li of the inner surface portion should be
smaller than the average cell diameter La of the expanded bead in order that a molded article produced from the expanded
beads has a good appearance, an improved rigidity and a significantly reduced shrinkage or deformation, even when an
aging step is omitted. Although the reason for such an improvement of appearance and rigidity of the molded article is not
clear, it is inferred that the specific small average cell diameter Li of the inner surface portion, which is smaller than the
average cell diameter La of the expanded beads, facilitates closure of one or both openings (designated as 11aand 11bin
FIG. 1) of the through holes as soon as the molded article has been produced and, hence, surface roughness or
unevenness of the molded article attributed to the through holes is decreased (that is, appearance of the molded article is
improved) and, further, reduction of the rigidity and cushioning property (impact energy absorbing property) thereof is
suppressed.

[0040] From the above viewpoint, the average cell diameter Li is preferably 100 wm or less, more preferably 80 um or
less. On the other hand, from the view point that breakage of the cells is suppressed, the average cell diameter Li is
preferably 10 um or more, more preferably 30 wm or more. All upper limits and lower limits disclosed herein may be
combined to form preferred ranges. Thus, forexample, average cell diameters of 5to 100 um, 5t0 80 um, 10to 100 um, 30
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to 100 wm and 30 to 80 wm are preferred ranges of the average cell diameter Li.

[0041] When the average cell diameter Li of the inner surface portion is not smaller than the average cell diameter La of
the expanded bead, there is a possibility that the above effects, namely the effect of achieving excellent appearance of the
molded article, the effect of improvement in rigidity of the molded article and the effect of suppressing considerable
shrinkage and deformation of the molded article even when an aging step is omitted, are not sufficiently obtained.
[0042] Hitherto, inanin-mold molding process using expanded beads having through holes, the obtained molded article
has a large number of surface gaps attributed to the through holes, which causes deterioration of the appearance and
mechanical properties such as compressive strength thereof. These problems have been solved by using the expanded
beads of the present invention which have a specific, small through hole diameter d and a specific inner surface portion
having a relatively small average cell diameter Li.

[0043] The average cell diameter Li of the inner surface portion (designated as 14 in FIG. 1) of the expanded beads is
measured as follows. An expanded bead is cut perpendicular to the penetrating direction of the through hole at a position
where the area of the cut surface is maximum. The cross-section is photographed with a microscope. On the obtained
photograph, eight angularly equally spaced straight line segments (i.e., 45 degrees apart) extending radially from the
approximate center of the through hole toward the outer peripheral surface of the expanded bead are drawn. Then, a
number (Ny) of the cells that are present in the inner surface portion and that intersect the eight line segments is counted.
Also measured is a total length(Ly) of those portions of the eight line segments that intersect the cells located in the inner
surface portion. The total length Ly is nearly equal to 2,400 p.m (8 X300 wm). The value obtained by dividing the total length
(Ly) by the measured number (Ny) of the cells (Ly/Ny) is defined as the average cell diameter of the expanded bead. Similar
procedures are repeated for 50 expanded beads in total. The arithmetic mean of the average cell diameters of the 50
expanded beads is defined as the average cell diameter Li of the inner surface portion of the expanded bead.

[0044] The expanded beads having the above specific average cell diameter Li of the inner surface portion thereof may
be produced by, for example, using a specific die in the production of resin particles (described hereinafter) from which the
expanded beads are produced.

[0045] Itis preferred that a ratio Li/La of the average cell diameter Li of the inner surface portion to the average cell
diameter La of the expanded bead is 0.65 or less, since the in-mold moldability of the expanded beads is improved and
since the appearance and rigidity of the molded article is more improved even when the aging step is omitted or shortened.
The Li/La ratio is more preferably 0.6 or less, still more preferably 0.55 or less, while the lower limit of the Li/La ratio is more
preferably 0.2, still more preferably 0.4. All upper limits and lower limits disclosed herein may be combined to form
preferred ranges. Thus, for example, Li/La ratios of 0.2-0.65, 0.2 to 0.6, 0.2 to 0.55, 0.4 to 0.65 and 0.4 to 0.55 are all
preferred ranges of Li/La.

[0046] Itis further important that the expanded bead has a closed cell content of 85% or more, more preferably 92% or
more, stillmore preferably 95% or more, in order to ensure good in-mold moldability of the expanded beads and to improve
the appearance and rigidity of the molded article obtained therefrom.

[0047] Asused herein, the closed cell content of the expanded beads is measured as follows. The expanded beads are
allowed to stand for 10 days for aging in a thermostatic chamber at 23°C under atmospheric pressure and a relative
humidity of 50%. In the same thermostatic chamber, about 20 cm3 bulk volume of the expanded beads thus aged are
sampled and measured for the precise apparent volume Va by a ethanol immersion method described below. The sample
beads whose apparent volume Va has been measured are fully dried and measured for their true volume Vx according to
Procedure C of ASTM D-2856-70 using an air comparison pycnometer. From the volumes Va and VX, the closed cell
content is calculated by the formula shown below. The average of five samples (N=5) is the closed cell content of the
expanded beads.

Closed cell content (%) = (Vx - Wip) x 100/(Va - Wip)

In the above formula, Vx represents the true volume (cm?3) of the expanded beads measured by the above method, which
corresponds to a sum of a volume of the resin constituting the expanded beads and a total volume of all the closed cells in
the expanded beads, Va represents an apparent volume (cm3) of the expanded beads, which is measured by a rise of the
liquid level when the expanded beads are immersed in ethanol contained in a measuring cylinder, W is a weight (g) of the
sample expanded beads used for the measurement, and p is a density (g/cm3) of the resin constituting the expanded
beads.

[0048] Itis preferred that an average outer diameter D of the expanded beads is 2 mm or more, more preferably 2.5 mm
or more, still more preferably 3 mm or more, from the viewpoint that the secondary expansion efficiency of the expanded
beads and the rigidity of the molded article are improved. On the other hand, the average outer diameter D is preferably 5
mm or less, more preferably 4.5 mm or less, still more preferably 4.3 mm or less, from the viewpoint of improving the filling
efficiency thereof into a mold cavity at the time of in-mold molding.

[0049] Itis also preferred thata ratio d/D of the average hole diameter d to the average outer diameter D of the expanded
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beads is 0.4 or less, more preferably 0.3 or less, still more preferably 0.25 or less. The ratio d/D is preferably 0.1 or more.
When the ratio d/D is within the above range, the wall thickness of the generally hollow cylindrical expanded beads is
appropriate to attain good secondary expansion efficiency of the expanded beads and, additionally, the appearance and
rigidity of the molded article produced therefrom is excellent. All upper limits and lower limits disclosed herein may be
combined to form preferred ranges. Thus, for example, d/D ratios of 0.1 t0 0.4, 0.1 t0 0.3 and 0.1 to 0.25 are preferred d/D
ranges.

[0050] The average outer diameter D of the expanded beads is determined as follows. An expanded bead is cut
perpendicular to the penetrating direction of the through hole at a position where the area of the cut surface is maximum. A
photograph of the obtained cut surface of the expanded bead is taken. The cross-sectional area of the expanded bead
(including the cross-sectional area of the through hole) is determined. The diameter of a virtual perfect circle having the
same area as the determined areaiis calculated. The calculated value represents the outer diameter of the expanded bead.
The above measurement is performed on 100 expanded beads, and the arithmetic mean value of the outer diameters is
taken as the average outer diameter D of the expanded beads.

[0051] Itisalso preferred thatan average thickness tof the expanded beads is 1 to 2 mm. The thickness of the expanded
bead is a distance between the outer peripheral surface 12 and the inner peripheral surface 13 (reference should be made
to FIG. 1). When the average thickness tis within the above range, the wall thickness of the expanded beads is sufficiently
thick, so that the secondary expansion efficiency at the time of in-mold molding is further improved.

Additionally, the expanded beads are less prone to be crushed when subjected to an external force and, hence, the rigidity
of the molded article is further improved. From these viewpoints, the average wall thickness t of the expanded beads is
more preferably 1.1 to 2 mm.

[0052] The average wall thickness t of the expanded beads is determined by the following formula:

t= (D-d)i2

where d represents an average hole diameter (mm) of the through holes of the expanded beads and D represents an
average outer diameter (mm) of the expanded beads.

[0053] Itis preferredthataratiot/D of the average wall thickness tto the average outer diameter D of the expanded beads
is preferably 0.35 to 0.5, since the filling efficiency of the expanded beads into a mold cavity and the secondary expansion
efficiency at the time of in-mold molding are improved and, hence, a molded article having excellent appearance and
rigidity may be produced at a lower molding heating temperature.

[0054] Itis also preferred that an apparent density of the expanded beads is 10 to 150 kg/m3, more preferably 15 to 100
kg/m3, still more preferably 20 to 80 kg/m3, particularly preferably 25 to 60 kg/m3, from the viewpoint of a balance between a
lightweight property and rigidity of the molded article obtained therefrom. All upper limits and lower limits disclosed herein
may be combined to form preferred ranges. Thus, for example, apparent densities of 10 to 100 kg/m3, 10 to 60 kg/m3, 15 to
100 kg/m3, 15 to 80 kg/m3, 20 to 100 kg/m3, 20 to 60 kg/m3, 25 to 100 kg/m3 and 25 to 80 kg/m3 are preferred apparent
density ranges.

[0055] Hitherto, it has been difficult to omit an aging step in the production of a molded article using expanded beads
having a small apparent density,

because the molded article is significantly deformed after demolding. In the case of the present invention, on the other
hand, such an aging step is able to be omitted in in-molding molding of the expanded beads having a small apparent
density. Namely, a molded article having little dimensional change, excellent rigidity and excellent appearance is
obtainable even without an aging step.

[0056] Theapparentdensity ofthe expanded beads may be determined as follows. Inan alcohol (such as ethanol) at 23°
C contained in a measuring cylinder, an amount of expanded beads having a weight (W), which have been allowed to stand
for 1 day under the conditions of a relative humidity of 50%, 23°C and 1 atm, are immersed using a wire mesh. From an
increase in the liquid level in the measuring cylinder, a volume V of the immersed expanded beads is read. By dividing the
weight W by the volume V (W/V), the apparent density of the expanded beads is obtained with appropriate unit conversion
into [kg/m3] being made.

[0057] Itisfurtherpreferred thata ratio of the apparent density of the expanded beads to the bulk density of the expanded
beads (apparent density/bulk density) is 1.7 or more from the viewpoints of further suppressing the shrinkage and
deformation of a molded article obtained therefrom without an aging treatment. The ratio (apparent density/bulk density) is
preferably 2.1 or less, more preferably 2.0 or less, still more preferably 1.9 or less from the viewpoint of improving the
rigidity and the appearance of the molded article.

[0058] The bulk density of the expanded beads is determined as follows. Expanded beads are randomly selected and
placed in a graduated cylinder with a volume of 1 L up to the 1 L scale thereof in a natural sedimentation state. The bulk
density of the expanded beads is obtained by dividing the mass W2 [g] of the expanded beads placed in the graduated
cylinder by the volume V2 [L] (1,000 cm3) thereof (W2/V2), followed by unit conversion to [kg/m3].
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[0059] Itis also preferred that the expanded beads have a specific crystal structure that shows a first time DSC curve
having an intrinsic melting peak which is intrinsic to the base resin and a high temperature melting peak which is located on
a higher temperature side of the intrinsic melting peak, when the expanded beads are measured by heat flux differential
scanning calorimetry in which a sample thereof is heated from 23°C to 200°C at a heating rate of 10°C/min. The first time
DSC curve is measured in accordance with JIS K7121 (2012) using 1 to 3mg of the expanded bead or beads as a
measuring sample.

[0060] The intrinsic melting peak is an endothermic peak which is considered to be ascribed to the melting of crystals
originally contained in the polypropylene-based resin. The high temperature peak, on the other hand, is an endothermic
peak which is considered to be ascribed to the melting of crystals secondarily formed in the past thermal history of the
polypropylene-based resin. The high temperature peak is observed in the first time DSC curve obtained in the heating of
the sample of expanded beads from 23°C to 200°C at 10°C/min as described above, but does not appear in the second
time DSC curve which is obtained by subsequently lowering, after the first time DSC measurement, the temperature from
200°C to 23°C at 10°C/min and again raising the temperature to 200°C at 10°C/min. Therefore, whether or not a high
temperature peak exists in the first time DSC curve may be easily determined by performing the second DSC measure-
ment following the first DSC measurement to obtain the second time DSC curve. That is, the endothermic peak in the first
time DSC curve that appears in the first time DSC curve but does not exist in the second time DSC curve is recognized as a
high temperature peak. The peak top temperature of the intrinsic peak in the first time DSC curve may differ from that in the
second time DSC curve within a range of £5°C.

[0061] Itis preferred that the heat of fusion (AHh) of the high temperature peakis 5 to 40 J/g, more preferably 7 to 30 J/g,
still more preferably 10 to 20 J/g, since the moldability of the expanded beads is improved and a molded article obtained
therefrom is improved.

[0062] Itis also preferred that a ratio of the heat of fusion of the high temperature peak (AHh) to a total heat of fusion of all
fusion peaks (AHt) is 0.05 to 0.3, more preferably 0.1 to 0.28, still more preferably 0.15 to 0.25, since the physical strength
ofthe expanded beads is excellent owing to the presence of the secondary crystals and since the in-mold moldability of the
expanded beads is also excellent. The total heat of fusion of the expanded beads is a sum of the heat of fusion of all melting
peaks in the first time DSC curve.

[0063] The heat of fusion (calorific value) of the melting peaks in the first time DSC curve is determined as follows. First,
an expanded bead is sampled and subjected to DSC measurement using a heat flux differential scanning calorimeter
(such as a DSC measurement device manufactured by Sll NanoTechnology Inc., model number: DSC7020) in which the
temperature is raised from 23°C to 200°C at 10°C/min to obtain a first time DSC curve. An example of sucha DSC curve is
shownin FIG. 5. Designated as AH1in FIG. 5 is the intrinsic peak and as AH2 is the higher temperature peak. On the DSC
curve, a straight line L1 connecting a point o at 80°C and a point 8 at a melting end temperature T of the expanded beads is
drawn. The melting end temperature T is an intersection at which the DSC curve on a high temperature side of the high
temperature peak AH2 meets the base line. Next, a line L2 which is parallel with the ordinate and which passes through a
pointy on the DSC curve at the bottom of the valley between the intrinsic peak AH1 and the high temperature peak AH2 is
drawn. The pointatwhich theline L2 crossesthe line L1 is designated as 8. The pointy may be said to be the maximum point
on the DSC curve between the intrinsic peak AH2 and the high temperature peak AH2.

[0064] The areaoftheintrinsic peak AH1 is the area bounded by the curve of the intrinsic peak AH1, the line segment (a-
8) and the line segment (y-8), and corresponds to the heat of fusion of the intrinsic peak AH1. The area of the high
temperature peak AH2 is the area bounded by the curve of the high temperature peak AH2, the line segment (3-p) and the
line segment (y-3), and corresponds to the heat of fusion (AHh) of the high temperature peak AH2. The total area of all
fusion peaks is the area bounded by the intrinsic peak AH1, the high temperature peak AH2 and the line segment (a-), and
corresponds to the heat of fusion (AHt) of all fusion peaks.

[0065] The molded article of the presentinvention may be produced from the above-described expanded beads by any
known in-mold molding process and has excellent appearance, rigidity and dimensional stability and is minimized
shrinkage and deformation even when an aging step is omitted. Although not wishing to be bound by the theory, such
effects are considered to be attained by the following mechanism. The molded article has minute voids that are in fluid
communication with the outside thereof. Such voids include interstices between the expanded beads, through holes
thereof which remain unclosed and open cells formed as a result of breakage of the cells in the inner surface portion. At
least some of such interstices, through holes and open cells are intercommunicated with each other. Because of the above
structure of the expanded beads, outside air is able to flow into the molded article as soon as it has been produced. As a
consequence, an inside pressure in the molded article as a whole is increased and, hence, the dimension thereof is
stabilized within a short period of time. It is considered that, for the above reasons, shrinkage and deformation of the
molded article is greatly suppressed without performing an aging step.

Second Embodiment of Expanded Bead:

[0066] Referringto FIG. 2, designated generally as 1’ is an expanded bead of the second embodiment according to the
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presentinvention. The expanded bead 1’ has a cover layer 15 that comprises a resin, preferably a polyolefin-based resin,
and that forms at least part of an outer peripheral surface 12’ of the expanded bead 1’. The expanded bead 1’ of the second
embodiment may be said to be a multilayer expanded bead which includes a foamed core layer that is the expanded bead 1
(seeFIG. 1) of the firstembodiment (in particular, the expanded bead 1 according to any one of the appended claims 1to 7),
and a cover layer 15 that covers at least part of an outer peripheral surface 12 (see FIG. 1) of the foamed core layer. Thus,
the expanded bead 1’ of the second embodiment is the same as the expanded bead 1 of the first embodiment except that
the former expanded bead is provided with the cover layer 15. The composition, physical properties, structure, constitu-
tion, etc. described in the forgoing with regard to the first embodiment of the expanded bead also apply to the foamed core
layer of the expanded bead of the second embodiment. In the following description, the term "expanded beads" is intended
to also include "multilayer expanded beads", unless the context clearly indicates otherwise.

[0067] The resin of the cover layer is preferably a polyolefin-based resin. From the viewpoint of adhesion efficiency
between the cover layer and foamed core layer, the polyolefin-based resin is preferably a polypropylene-based resin, a
polyethylene-based resin, and a mixture thereof, and a polypropylene-based resin is particularly preferred. Examples of
the polypropylene-based resin include a propylene-ethylene copolymer, a propylene-butene copolymer, a propylene-
ethylene-butene copolymer and a propylene homopolymer. Above all, a propylene-ethylene copolymer and a propylene-
ethylene-butene copolymer are particularly preferred.

[0068] Itis preferred that the polyolefin-based resin constituting the cover layer has the melting point Tms which is lower
than the melting point Tmc of the polypropylene-based resin constituting the foamed core layer, since the fusion-bonding
efficiency between the multilayer expanded beads is improved and, hence, it is possible to carry out in-mold molding
process using a heating medium, such as steam, having a reduced temperature. This also enables to suppress shrinkage
and deformation of the molded article even when an aging step is omitted. The reason for this is probably because the use
of reduced temperature steam prevents the multilayer expanded beads from being heated excessively during the in-mold
molding process and, therefore, allows the dimension of the molded article to be stabilized within a shorter period of time.
[0069] From the viewpoint of improving the fusion bonding efficiency between the multilayer expanded beads and
lowering the molding heating temperature in the in-mold molding process, itis more preferred that the melting points Tms
and Tmc satisfy the relationship (Tmc-Tms) > 3°C, more preferably (Tmc-Tms) > 5°C, still more preferably (Tmc-Tms) >
8°C. On the other hand, from the viewpoint of suppressing peeling between the foamed core layer and the covering layer,
the melting points Tms and Tmc preferably satisfy the relationship (Tmc-Tms) <35°C, more preferably (Tmc-Tms) <20°C,
still more preferably (Tmc-Tms) < 15°C.

[0070] The melting point Tms of the polyolefin-based resin constituting the covering layer is preferably 120 to 145°C,
more preferably 125 to 140°C from the viewpoint of improving the fusion bonding efficiency of the multilayer expanded
beads. The melting point of the polyolefin-based resin is determined in accordance with JIS K7121(1987) in a manner
similar to determination of the melting point Tmc of the polypropylene-based resin described previously.

[0071] The polyolefin-based resin constituting the cover layer preferably has MFR which is equal or nearly equal to that
of the polypropylene-based resin constituting the foamed core layer. More specifically, the MFR of the polyolefin-based
resin is preferably 2 to 15 g/10 min, more preferably 3 to 12 g/10 min, still more preferably 4 to 10 g/10 min, from the
viewpoint of reliably suppressing peeling between the foamed core layer and the cover layer. The MFR of the polyolefin-
based resin is measured under the conditions involving a temperature of 230°C and a load of 2.16 kg in accordance with
JISK7210-1(2014) when the polyolefin-based resin is a polypropylene-based resin. When the polyolefin-based resinis a
polyethylene-based resin, the MFR is measured under the conditions involving a temperature of 190°C and a load of 2.16
kg in accordance with JIS K 7210-1(2014).

[0072] The cover layer may be either in an expanded state or an unexpanded state. However, the cover layer is
preferably in a substantially non-expanded state in order for the multilayer expanded beads to have excellent fusion-
bonding property and to allow a reduction of the molding temperature in an in-mold molding process. The "substantially
non-expanded state" herein refers to a state in which almost no cell structure is present, including a case where cells are
not present at all and a case where cells once formed have been completely melt-fractured.

[0073] Inthe multilayer expanded bead, the foamed core layer may be partially exposed on the surface of the multilayer
expanded bead. Examples of the structure in which the foamed core layer is partially exposed include a structure in which
only the side periphery of a cylindrical foamed core layer is covered with the surface layer and the foamed core layer is
exposed at the top and bottom of the core layer (as shown in FIG. 2).

[0074] The coverlayer preferably has a thickness of 0.5 to 100 wm. If desired, an intermediate layer may be additionally
provided between the foamed core layer and the cover layer. It is also preferred that a mass ratio of the resin constituting
the foamed core layer to the resin composing the cover layer is 99.5:0.5 to 80:20, more preferably 99:1 to 85:15, still more
preferably 97:3 to 90:10 from the viewpoint of enhancing the moldability of the multilayer expanded beads while
maintaining the rigidity of the molded article obtained therefrom. As used herein, the mass ratio refers to a ratio of the
mass% of the resin constituting the foamed core layer to the mass% of the resin constituting the cover layer.
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Method of fabricating expanded beads:

[0075] The expanded polypropylene resin beads may be produced by a dispersion medium release foaming method
which includes providing tubular polypropylene resin particles (or pellets) each having a through hole. The tubular
polypropylene resin particles each having a through hole will be hereinafter also simply referred to as "resin particles". The
resin particles are dispersed in a dispersing medium such as water in an autoclave to obtain a dispersion. The resin
particles in the dispersion are impregnated with a blowing agent to obtain foamable resin particles. The obtained foamable
resin particles are released from the autoclave together with the dispersing medium into a lower pressure atmosphere so
that the foamable resin particles are foamed and expanded to obtain expanded beads each having a through hole.
Preferably, the blowing agent is injected into the dispersion after the dispersion has been heated and, thereafter, the
dispersion is maintained at a determined temperature for a period of time sufficient to form and grow secondary crystals of
the polypropylene resin and is then released from the autoclave. The above described method is also used for producing
multilayer expanded beads each having a cover layer. The resin particles are, however, required to be additionally
provided with a cover layer. Namely, the multilayer expanded bead having a through hole is produced from a multilayer
resin particle having a through hole.

[0076] The resin particles may be prepared by, for example, a method which includes feeding the polypropylene-based
resin and, optionally, additives such as a cell controlling agent into an extruder, heating and kneading the feeds in the
extruder to obtain a resin melt, extruding the resin melt from a hole of a die attached to a tip of the extruder in the form of
tubular strand, and pelletizing the strand with a pelletizer by, for example, a strand cutting method or an under-water cutting
method to obtain the resin particles each having a through hole. The die attached to the extruder has a flow passage whose
sectional shape corresponds to that of the resin particles.

[0077] Theresin particles having a cover layer are produced, for example, as follows. A core layer-forming extruder and
a cover layer-forming extruder are used. Outlets of both extruders are connected to a coextrusion die. The polypropylene-
based resin and, optionally, additives such as a cell controlling agent are melted and kneaded in the core layer-forming
extruder, and a resin and an additive used as necessary are melted and kneaded in the cover layer-forming extruder. The
respective melt-kneaded materials are fed to the coextrusion die and combined to form a composite melt having a multi-
layered structure composed of a core layer and a cover layer covering the outer surface of the core layer. The composite
meltis then coextruded from the die through an annular hole thereof into a tubular strand. The strand is cooled and cut with
a pelletizer to obtain multilayer resin particles each having a through hole. In the following description, the term "resin
particles" is intended to also include "multilayer resin particles", unless the context clearly indicates otherwise.

[0078] Asdescribed previously, the expanded bead has aninner surface portion having an average cell diameter Li that
is 5to 150 wm and thatis smaller than the average cell diameter La of the expanded bead. Such a specific surface portion of
the expanded bead is able to be formed from a resin particle which has a through hole and whose inner surface portion is
relatively highly oriented in the direction parallel with the penetrating direction of the through hole.

[0079] To achieve such molecular orientation, use is made of a die designed to make the tubular strand extruded
therethrough oriented in the extrusion direction at its inner surface portion. Because of such molecular orientation,
crystallization proceeds in the inner surface portion of the resin particle obtained by cutting the tubular strand. The resin
crystallites in the inner surface portion of the resin particle are considered to serve as nuclei for expansion so that the cell
diameters in the inner surface portion tend to be small. A preferred example of such a design of the die is the use of a
through hole-forming jig (such as a thin rod) having a relatively long length (Ilength from an upstream end thereof to the exit
of the extrudate). Although not wishing to be bound by the theory, the orientation mechanism s considered to be as follows.
The resin melt moving through the die is brought into moving contact with the peripheral surface of the jig. Since the inner
peripheral portion of the meltin contact with the jig undergoes shearing, molecular orientation of the resin is induced during
its moving contact with the jig. Thus, when the jig is made longer, orientation will proceed more.

[0080] An outer diameter of the resin particle is preferably 0.1 to 3.0 mm, more preferably 0.3 to 1.5 mm. A ratio of the
length of the resin particle to the outer diameter thereof (aspect ratio) is preferably 0.5 t0 5.0, more preferably 1.0t0 3.0. An
average mass per one resin particle (determined from the mass of 200 randomly selected resin particles) is preferably 0.1
to 20 mg, more preferably 0.2 to 10 mg, still more preferably 0.3 to 5 mg, particularly preferably 0.4 to 2 mg. In the case of the
multilayer resin particle, it is preferred that a mass ratio of the resin constituting the core layer to the resin composing the
coverlayeris 99.5:0.5t0 80:20, more preferably 99:1 to 85:15, still more preferably 97:3t0 90:10. As used herein, the mass
ratio refers to a ratio of the mass% of the resin constituting the core layer to the mass% of the resin constituting the cover
layer.

[0081] The average hole diameter d of the through holes of the expanded beads may be adjusted by controlling a hole
diameter dr of the through hole of the resin particle. The hole diameter dr of the through hole may be adjusted by adjusting
the outer diameter of the jig (thin roll) provided in the die. The average outer diameter and average wall thickness of the
expanded beads may be adjusted to the above desired range by adjusting the outer diameter and average mass of the
resin particles.

[0082] The average hole diameter dr of the through holes of the resin particles is preferably less than 0.25 mm, more
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preferably less than 0.24 mm, still more preferably 0.22 mm or less, from the viewpoint that expanded beads having an
average hole diameter d of the through holes of 1 mm orless and a ratio d/D of the average hole diameter d to the average
outer diameter D of 0.4 or less are able to be produced more reliably. From the viewpoint of the production stability of the
resin particles having through holes, the average hole diameter dr of the through holes of the resin particles is preferably
0.1 mm or more.

[0083] Theratiodr/Drofthe average hole diameter dr to the average outer diameter Dr of the resin particles is preferably
0.4 or less, more preferably 0.3 or less, still more preferably 0.25 or less, particularly preferably 0.2 or less, for the same
reasons as described above in connection with the d/D of the expanded beads. From the viewpoint of the production
stability, the ratio dr/Dr is preferably 0.1 or more.

[0084] The average hole diameter drof the through holes of the resin particles is determined as follows. A resin particle is
cut perpendicularly to the penetration direction of the through hole at a position where the area of the cut surface is
maximum. A photograph of the obtained cut surface of the resin particle is taken. The area of the through hole portionin the
photograph (that is, the cross-sectional area of the through hole) is determined. The diameter of a virtual perfect circle
having the same area as the determined area is calculated. The calculated value represents the hole diameter of the
through hole of the through hole. The above measurement is performed on 50 resin particles, and the arithmetic mean
value of the hole diameters is taken as the average hole diameter dr of the resin particle.

[0085] The average outer diameter Dr of the resin particles is determined as follows. A resin particle is cut perpendicular
to the penetrating direction of the through hole at a position where the area of the cut surface is maximum. A photograph of
the obtained cut surface of the resin particle is taken. The cross-sectional area of the resin particle (including the cross-
sectional area of the through hole) is determined. The diameter of a virtual perfect circle having the same area as the
determined area is calculated. The calculated value represents the outer diameter of the resin particle. The above
measurement is performed on 50 resin particles, and the arithmetic mean value of the outer diameters is taken as the
average outer diameter Dr of the resin particles.

[0086] The particle size, the length/outer diameter ratio and the average mass of the resin particles may be adjusted by
appropriately changing the extrusion speed, take-up speed, cutter speed, etc. when the strand cutting method is
performed.

[0087] If desired, one or more additives such as a cell controlling agent, a crystal nucleating agent, a colorant, a flame
retardant, a flame retardant aid, a plasticizer, an antistatic agent, an antioxidant, an ultraviolet inhibitor, a light stabilizer, a
conductive filler and an antibacterial agent the resin particle may be incorporated into the resin particles or into the core
layer in the case of the multilayer resin paticles. Examples of the cell controlling agent include inorganic powders such as
talc, mica, zinc borate, calcium carbonate, silica, titanium oxide, gypsum, zeolite, borax, aluminum hydroxide, and carbon;
and organic powders such as a phosphate nucleating agent, a phenolic nucleating agent, an amine nucleating agent, and
a polyfluoroethylene resin powder. The cell controlling agent may be used in an amount of preferably 0.01 to 1 parts by
mass based on 100 parts by mass of the polypropylene-based resin.

[0088] The expanded beads may be produced by expanding the thus obtained resin particles by a dispersion medium
release foaming process. In this process, the resin particles are dispersed in an aqueous dispersing medium containing
water as a main component. The proportion of water in the aqueous dispersion medium is preferably 60 mass % or more,
more preferably 70 mass % or more, still more preferably 80 mass % or more. Examples of the dispersion medium other
than water include ethylene glycol, glycerin, methanol and ethanol.

[0089] Inthe dispersion medium release foaming method, it is preferable to add a dispersant to the dispersion medium
since the resin particles heated in the closed vessel are prevented from adhering to each other. Any dispersant may be
used as long as it is capable of preventing adhesion between the resin particles in the closed vessel. The dispersant may
be either an organic or inorganic material, though an inorganic fine powder is preferable for reasons of ease of handling.
Specific examples of the dispersant include clay minerals such as amsnite, kaolin, mica, and clay. The clay mineral may be
natural or synthetic. Examples of the dispersant include aluminum oxide, titanium oxide, basic magnesium carbonate,
basic zinc carbonate, calcium carbonate, iron oxide and a mixture of two or more thereof. Above all, a clay mineral is
particularly preferably used. The dispersant is preferably used in an amount of 0.001 to 5 parts by mass per 100 parts by
mass of the resin particles.

[0090] When a dispersant is used, an anionic surfactant such as sodium dodecylbenzenesulfonate, sodium alkylben-
zenesulfonate, sodium lauryl sulfate or sodium oleate is preferably used in combination with the dispersant as a dispersing
aid. The addition amount of the dispersing aid is preferably 0.001 to 1 part by mass per 100 parts by mass of the resin
particles.

[0091] A physical blowing agent is preferably used in the dispersion medium release foaming method. Examples of the
physical blowing agent include an inorganic physical blowing agent such as carbon dioxide, air, nitrogen, helium, and
argon and an organic physical blowing agent such as an aliphatic hydrocarbon, e.g., propane, butane and hexane, a cyclic
aliphatic hydrocarbon, e.g., cyclopentane and cyclohexane and a halogenated hydrocarbon, e.g., chlorofluoromethane,
trifluoromethane, 1,1-difluoromethane, 1-chloro-1,1-dichloroethane, 1,2,2,2-tetrafluoroethane, methyl chloride, ethyl
chloride and methylene chloride. The physical blowing agent may be used singly or in combination of two or more
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thereof. The inorganic physical blowing agent and organic physical blowing agent may be used in combination. From the
viewpoint of environmental load and handleability, an inorganic physical blowing agent is preferably used, and carbon
dioxide is more preferably used. When an organic physical blowing agentis used, it is preferable to use n-butane, i-butane,
n-pentane, or i-pentane from the viewpoint of solubility in the polypropylene-based resin and expandability.

[0092] The blowing agentis preferably used in an amount of 0.1 to 30 parts by mass, more preferably 0.5 to 15 parts by
mass, based on 100 parts by mass of the resin particles.

[0093] Impregnation of the resin particles with the blowing agent is preferably carried out by a method which includes
dispersing the resin particles in an aqueous dispersion mediumin a closed vessel such as autoclave to obtain adispersion,
injecting the blowing agent into the dispersion while heating the dispersion to impregnate the resin particles with the
blowing agent, thereby obtaining expandable resin particles.

[0094] Theinternal pressure of the closed vessel at the time of expansion of the expandable resin particles is preferably
0.5 MPa G (gauge pressure) or more and 4.0 MPa (G) or less, for reasons that expanded beads can be produced safely
without the risk of breakage, explosion, or the like of the closed vessel. The dispersion in the closed vessel is preferably
heated at a heating rate of 1 to 5°C per minute so as to appropriately control the expansion temperature.

[0095] As describe previously, the expanded beads preferably have a specific crystal structure that shows a first time
DSC curve having an intrinsic melting peak and a high temperature melting peak which is located on a higher temperature
side of the intrinsic melting peak. Such expanded beads may be obtained as follows. The dispersion of the expandable
resin particles in the closed vessel is heat treated at a temperature in the range of (Tm-20°C) or higher (Tm is the melting
point of the polypropylene-based resin) and lower than TmE (TmE is the melting end temperature of the polypropylene-
based resin) for about 10 to 60 minutes (first stage heat treatment). Thereafter, the temperature is adjusted at a
temperature in the range of Tm-15°C to TmE+10°C). If desired, the dispersion is maintained at that temperature for
about 10 to 60 minutes (second stage heat treatment). Subsequently, the dispersionis released from the closed vessel to a
low pressure atmosphere to foam and expand the expandable resin particles, thereby obtaining expanded beads having
the above-described crystal structure. The expansion is preferably performed at a temperature in the closed vessel of
(Tm-10°C) or higher, more preferably (Tm to Tm+20°C).

[0096] The expanded beads obtained inthe foregoing production process may be further processed to obtain expanded
beads having a particularly low apparent density, if desired. Thus, the expanded beads obtained in the foregoing
production process (first stage expansion) are charged in a pressurizable closed vessel, into which a pressurized gas
such as air is then injected so that the internal pressure of the expanded beads is increased. The expanded beads are
heated in the container using a heating medium such as steam for a predetermined time to obtain expanded beads having
a particularly low apparent density (second stage expansion).

Production of Molded Article:

[0097] The molded article may be obtained by heating of the expanded beads in a mold to fusion bond the expanded
beads together (in-mold molding). In the in-mold molding process, the expanded beads are filled in a mold cavity and
heated using a heating medium such as steam to further expand the expanded beads (secondary expansion) and to fusion
bond the expanded beads to each other, thereby to obtain a molded article having a shape corresponding to the shape of
the mold cavity. Thus, the molded article of the present invention comprises a multiplicity of the expanded beads that are
fusion bonded together by being heated in a mold.

[0098] The density of the molded article is preferably 10 to 100 kg/m3 for reasons of good balance between lightness in
weight and rigidity thereof. The density is more preferably 20 kg/m3 or more from the viewpoint of improved rigidity. From
the viewpoint ofimproved lightness in weight, the density of the molded article is more preferably 80 kg/m3 or less, still more
preferably 50 kg/m3 or less, As used herein, the density of the molded article is as calculated by dividing the weight thereof
by the volume thereof which is determined from the dimensions. When the molded article has a complicated shape, the
volume may be measured by a waterimmersion method from the rise of the liquid level. In the production of a molded article
having a low apparent density, it has been hitherto difficult to omit an aging step after the production, because of significant
shrinkage and deformation. The molded article of the present invention, on the other hand, has excellent appearance and
rigidity even when an aging step is omitted and even when the molded article has low density.

[0099] The molded article preferably has a voidage of 4% or more, more preferably 4.5% or more, still is more preferably
5% ormore, from the viewpoint of more easily suppressing shrinkage and deformation (dimensional change) of the molded
article. From the viewpoint ofimproving appearance andrigidity, the voidage of the molded article is preferably 10% or less,
still more preferably 8% or less.

[0100] The voidage of the molded article may be determined as follows. First, a test piece having a rectangular
parallelepiped shape and dimensions of 20 mm in length, 100 mm in width and 20 mm in height is cut out from the
approximate central portion of the molded article. Then, the test piece is immersed in ethanol contained in a measuring
cylinder, and a true volume Vc [L] of the test piece is determined from the rise of the liquid level of ethanol. In addition, an
apparent volume Vd [L] is determined from the outer dimensions of the test piece. The voidage of the molded article is
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determined from the true volume Vc and the apparent volume Vd by the following formula:

Voidage (%) = [(Vd-Vc)Vd]x100

[0101] Itis also preferred that the molded article has a ratio of a 50% compressive stress (kPa) thereof to the above-
mentioned density (kg/m3) thereof of 7.0 (kPa/(kg/m3)) or more, more preferably 7.5 (kPa/(kg/m3)) or more for reasons of
improve rigidity thereof. Itis further preferred that the molded article has a ratio of a 25% compressive stress (kPa) thereof
to a 50% compressive stress (kPa) thereof of 0.65 or more, more preferably 0.70 or more, for reasons that the molded
article shows a reduced change in energy absorbing efficiency over a wide range of strain thereof and, hence allows use
thereof for various applications. The 50% compressive stress and 25% compressive stress are as measured according to
JIS K6767(1999). The molded article is suitably used in various fields such as a vehicle field such as an automobile and a
construction field as a sound absorbing material, an impact absorbing material, a cushioning material, etc.

[0102] The following nonlimiting examples will further illustrate the present invention. Expanded beads having a cover
layer (namely multilayer expanded beads having a foamed core layer and a cover layer covering the foamed core layer)
were produced in Examples 1to4 and Comparative Examples 1to 3. The expanded beads having a cover layer (multilayer
expanded beads) are hereinafter simply referred to as expanded beads.

[0103] The polypropylene-based resins (PP1, PP2, PP3 and PP4) used in Examples and Comparative Examples were
as shown in Table 1.

Table 1
Monomer content Melting Flexural
Resin Kind (wt%) point MFR modulus
ethylene butene (°C) (9/10) (MPa)
PP1 ethylene-propylene random copolymer 3.1 - 141 8 980
PP2 ethylene-propylene random copolymer 14 - 153 7 1,470
PP3 ethylene-propylene-butene random copolymer 0.5 9.5 140 8 900
PP4 ethylene-propylene-butene random copolymer 3.1 3.8 133 6 650

[0104] InTable 1,the monomer contents and physical properties of the polypropylene-based resins were determined as
follows.

Monomer contents:

[0105] The monomer contents of the ethylene-propylene copolymers (PP1 and PP2) and the ethylene-propylene-
butene copolymer (PP3 and PP4) were determined by customarily employed method using IR spectroscopy.

Flexural modulus:

[0106] The polypropylene-based resin was heat-pressed at 230°C to prepare a 4mm thick sheet, from which a test piece
having alength of 80 mm, a width of 10 mm and a thickness of 4 mm was cut out. The flexural modulus of the test piece was
determined in accordance with JIS K7171(2008) under conditions involving an indenter radius R1 of 5 mm, a support base
radius R2 of 5 mm, a distance between the fulcrums of 64 mm and a test speed of 2 mm/min.

Melting point:

[0107] The melting point of the polypropylene-based resin was determined in accordance with JIS K7121(1987).
Specifically, "(2) When the melting temperature is measured after a certain heat treatment" was adopted for conditioning.
The conditioned test piece was heated from 30°C to 200°C at a heating rate of 10°C/min to obtain a DSC curve. The peak
top temperature of the melting peak was taken as the melting point. As the measuring device, a heat flux differential
scanning calorimeter (manufactured by SIl NanoTechnology Inc., model number: DSC7020) was used.

Melt flow rate:

[0108] The melt flow rate (that is, the MFR) of the polypropylene-based resin was measured under the conditions of a
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temperature of 230°C and a load of 2.16 kg in accordance with JIS K7210-1(2014).
Example 1
Production of resin particles:

[0109] The polypropylene-based resin PP1 shown in Table 1 was melted and kneaded in an extruder for forming a core
layer at a maximum set temperature of 245°C to obtain a first melt. Simultaneously, a polypropylene-based resin PP4
shown in Table 1 was melted and kneaded in an extruder for forming a cover layer at a maximum set temperature of 245°C
to provide a second melt. The first and second melts were a fed to a coextrusion die where the resin melts were joined to
form a sheath-core type composite stream consisting of a core layer of the first melt and a cover layer of the second melt
surrounding the core layer. The composite stream was extruded from the die, provided with a jig (thin rod) for forming a
through hole, into a tubular strand. The strand having a through hole was cooled with water while being drawn and then cut
with a pelletizer to obtain multilayer resin particles each having a mass of about 1.5 mg and each having a cylindrical core
layer having a through hole and a cover layer covering the core layer. In the production of the multilayer resin particles, zinc
borate as a cell controlling agent was supplied to the extruder for forming the core layer, so that the core layer contained 500
ppm by mass of zinc borate based on the weight of the polypropylene-based resin. In the production of the multilayer resin
particles, a mass ratio of the resin constituting the core layer to the resin composing the cover layer was adjusted to 95:5.
[0110] The jig for forming the tubular strand was mounted within the die such that the flow passage of the composite
stream within the die has an annular cross-section (being perpendicular to the flow direction of the composite stream) atthe
tip end portion of the die (namely, outlet of flow passage). As a result, the extrudate (strand) discharged from the tip of the
die has an annular cross-section and is formed with the through hole. The jig used in Example 1 had a relatively long length
(10 mm) in the extrusion direction from its upstream end to downstream end (tip end of the die).

Production of expanded beads:

[0111] The thus obtained resin particles (1 kg) were charged in a 5-L autoclave together with 3 L of water as a dispersion
medium, to which 0.3 part by mass of kaolin as a dispersant and 0.004 parts by mass of a surfactant (sodium
alkylbenzenesulfonate) each per 100 parts by mass of the resin particles were added. After addition of carbon dioxide
as a blowing agent, the autoclave was sealed and the mixture in the autoclave was heated to the expansion temperature
shown in Table 2-1 with stirring to form a dispersion containing expandable resin particles. The pressure inside the
autoclave (impregnation pressure) at this time showed the value shown in Table 2-1. The dispersion in the autoclave was
maintained at that expansion temperature for 15 minutes and thereafter released to the atmospheric pressure to foam and
expand the expandable resin particles and to obtain expanded beads.

[0112] The thus obtained expanded beads were measured by scanning electron microscopy (SEM). FIG. 3 is a SEM
image of a cross-section perpendicular to the penetrating direction of the through hole of the expanded bead and FIG. 4 isa
SEMimage of a cross-section in parallel with the penetrating direction of the through hole of the expanded bead. As seenin
FIG. 3 and FIG. 4, finer cells are formed in an inner surface portion of the expanded bead.

Table 2-1
Example 1 2 3 4
Core layer resin PP1 PP2 PP3 PP1
Resin Particles
Cover layer resin PP4 PP4 PP4 PP4
Expansion temperature [°C] 146.0 | 157.2 | 145.7 | 146.0
Expansion Conditions

Impregnation pressure [MPa(G)] 3.7 3.1 3.5 3.7

Apparent density [kg/m3] 51 50 51 51

Bulk density [kg/m3] 30 30 30 30

Apparent density/Bulk density 1.70 1.67 1.70 1.70

Closed cell content [%] 95 91 94 94

Heat of fusion of high temperature peak AHh [J/g] 15.9 154 15.0 15.8

Expanded Beads Heat of fusion of all melting peaks AHt [J/g] 73 89 70 73
AHh/AHt 0.22 0.17 0.21 0.22

Average hole diameter d [mm] 0.44 0.45 0.45 0.45
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(continued)

Example 1 2 3 4
Average outer diameter D [mm] 2.6 2.7 2.7 2.6
Average thickness t [mm] 1.1 1.1 1.1 1.1
diD 0.17 0.17 0.16 0.17
t/D 0.42 0.42 0.42 0.42
Average cell diameter La [um] 133 88 126 198
Average cell diameter Li [um] 69 45 66 115
Li/La 0.52 0.51 0.52 0.58
Table 2-2
Comparative Example 1 2 3
Core layer resin PP1 PP1 PP1
Resin Particles Cover layer resin PP4 PP4 PP4
Expansion Conditions Expansion temperature [°C] 146.5 145.5 145.5
Impregnation pressure [MPa(G)] 3.8 3.8 3.8
Apparent density [kg/m3] 48 66 66
Bulk density [kg/m3] 30 30 30
Apparent density/Bulk density 1.60 2.20 2.20
Closed cell content [%] 97 80 80
Heat of fusion of high temperature peak AHh [J/g] 15.6 14.5 14.5
Heat of fusion of all melting peaks AHt [J/g] 89 73 73
Expanded Beads AHh/AHt 0.18 0.20 0.20
Average hole diameter d [mm] - 2.20 2.20
Average outer diameter D [mm] 3.5 3.0 3.0
Average thickness t [mm] - 0.4 04
diD - 0.73 0.73
t/D - 0.14 0.14
Average cell diameter La [um] 107 274 274
Average cell diameter Li [p.m] - 194 194
Li/lLa - 0.71 0.71

In-mold molding of molded article:

[0113] The thus obtained expanded beads were dried at 23°C for 24 hours were placed in an autoclave, to which
compressed air was injected to pressurize the expanded beads and to apply thereto the internal pressure shown in Table 3.
The internal pressure P (MPa(G)) imparted to the expanded beads was calculated from the following formula:

P = (W/M) x R xT/V

wherein W (g) is a difference between the weight Q (g) of the expanded beads whose inside pressure has been increased
and which are just before being subjected to in-mold molding and the weight U (g) of the expanded beads which have been
allowed to stand for 48 hours, M is the molecular weight of air, R is the gas constant, T represents an absolute temperature,
and V represents a volume (L) obtained by subtracting the volume of the base resin of the expanded beads from the
apparent volume of the expanded beads.
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[0114] Thethus pressurized expanded beads were filled in aflat plate molding mold having a length of 300 mm, a width of
250 mm and a thickness of 60 mm whose cracking amount was adjusted to 10% as shown in Table 3. The mold was
clamped, and steam was supplied from both sides of the mold for 5 seconds to preheat and purge the mold. Then, steam
was fed from one surface side of the mold to perform one direction flow heating until a pressure lower than a predetermined
molding pressure by 0.08 MPa (G) was reached. Next, steam was supplied from the other side of the mold until the
pressure reached 0.04 MPa (G) lower than the molding pressure to perform reversed one direction flow heating.
Thereafter, steam was fed from both sides to perform substantial heating until the pressure reached the predetermined
molding pressure shown in Table 3. After completion of the heating, the pressure was released, and water cooling was
performed until the surface pressure caused by the expanding force of the molded product reached 0.04 MPa (G). The
cooled molded product was taken out of the mold to obtain the molded article.

Table 3
Example 1 2 3 4
Comparative Example 1 2 3
Internal pressure of expanded beads 0.10 0.12 0.10 0.10 011 0.10 0.10
In-Mold [MPa(G)]
Molding Molding pressure [MPa(G)] 0.26 0.30 0.26 0.26 0.26 0.26 0.30
Cracking amount [%] 10 10 10 10 10 10 30
Density of molded article [kg/m3] 33 34 32 33 33 33 42
Density of cut molded article [kg/m3] 32 33 31 32 32 32 41
25% Compressive stress [kPa] 178 192 179 156 191 103 257
50% Compressive stress [kPa] 245 262 253 229 265 206 343

Molded | 50% Compressive stress/ Density of cut
Article molded article [kPa/(kg/m3)] 7.6 8.0 8.2 7 8.3 6.5 8.4

25% Compressive stress/50% Com-
pressive stress

0.73 0.73 0.71 0.68 0.72 0.50 0.75

Voidage [%] 6 7 5 10 3 23 16
Appearance A+ A+ A+ A A+ c B
Water cooling time A A A A c A ¢
Moldability without aging good good good good poor - -

Example 2

[0115] Example 1 was repeated in the same manner as described therein except that polypropylene-based resin PP2
was used in place of PP1 and that the expansion temperature and the impregnation pressure were changed as shown in
Table 2-1. The obtained expanded beads were subjected to in-mold molding in the same manner as described in Example
1 except that the internal pressure of the expanded beads and the molding pressure were changed as shown in Table 3.

Example 3

[0116] Example 1 was repeated in the same manner as described therein except that polypropylene-based resin PP3
was used in place of PP1 and that the expansion temperature and the impregnation pressure were changed as shown in
Table 2-1. The obtained expanded beads were subjected to in-mold molding in the same manner as described in Example

1.

Example 4

[0117] Example 1 was repeated in the same manner as described therein except that the jig having alength of 7 mmwas
used. The obtained expanded beads were subjected to in-mold molding in the same manner as described in Example 1.
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Comparative Example 1

[0118] Example 1 was repeated in the same manner as described therein except that the die had no jig for forming a
through hole and that the expansion temperature and the impregnation pressure were changed as shown in Table 2-2. The
obtained expanded beads were subjected to in-mold molding in the same manner as described in Example 1 except that
the internal pressure of the expanded beads was changed as shown in Table 3.

Comparative Example 2

[0119] Example 1 wasrepeated inthe same manneras described therein exceptthatajig having a greater diameterwas
used so as to form a tubular strand having a larger diameter through hole and that the expansion temperature and the
impregnation pressure were changed as shown in Table 2-2. The jig had a length of 7 mm. The obtained expanded beads
were subjected to in-mold molding in the same manner as described in Example 1.

Comparative Example 3

[0120] Comparative Example 2 was repeated inthe same manner as described therein exceptthat the molding pressure
was increased as shown in Table 3.

[0121] The expanded beads and molded articles obtained in Examples 1 to 4 and Comparative Examples 1 to 3 were
measured and evaluated for their physical properties and product states to give the results shown in Tables 2 and 3. The
measurement of the physical properties of the expanded beads were performed after the expanded beads had been
conditioned by allowing the expanded beads to stand under the conditions of a relative humidity of 50%, a temperature of
23°C and a pressure of 1 atm for 24 hours. The measurement and evaluation on the molded articles were carried out
without conducting an aging treatment after the production of the molded articles. The molded articles were only subjected
to condition adjustment by allowing the molded articles to stand under the conditions of a relative humidity of 50%, a
temperature of 23°C and a pressure of 1 atm for 12 hours before the measurement and evaluation.

[0122] In Tables 2-1 and 2-2, the apparent density, bulk density, closed cell content, heat of fusion of the high
temperature peak (AHh), total heat of fusion of all fusion peaks (AHt), average hole diameter d of the through hole,
average outer diameter D, average thickness t, average cell diameter La and average cell diameter Li of the inner surface
portion of the expanded beads were measured by the methods described previously. The heat of fusion of the high
temperature peak (AHh) and total heat of fusion of all fusion peaks (AHt) were measured on five expanded bead samplesin
total and the arithmetic mean of the five measured values is shown in Tables 2-1 and 2-2.

[0123] In Table 3, the measurement of the physical properties of the molded articles and evaluation of states thereof
were carried out as follows.

Density:

[0124] The density of the molded article was calculated by dividing the weight thereof by the volume thereof which was
determined from the outer dimensions thereof with appropriate unit conversion to [kg/m3] being made.

Compressive stresses at 50% strain and 20% strain:

[0125] A test piece having a length of 50 mm, a width of 50 mm, and a thickness of 25 mm was cut out from the
approximate central portion of the molded article such that a skin layer on the surface of the molded article was notincluded
in the test piece. The 50% compressive stress and 25% compressive stress (kPa) were measure in accordance with JIS
K6767(1999) at a compression rate of 10 mm/min to determine compressive stresses at 50% strain and 25% strain of the
molded article.

Density of cut molded article:

[0126] Atestpiecewas cutinthe same manneras thatinthe measurementofthe 50% and 25% compressive stress. The
density of the cut molded article was calculated by dividing the weight of the test piece by the volume thereof which was
determined from the outer dimensions thereof.

Voidage:

[0127] The voidage of the molded article was determined by the method described previously.
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Appearance:
[0128] The molded article was evaluated for its appearance on the basis of the following criteria.

A+: Excellent (gaps between beads on the surface of the molded article are extremely small and irregularities caused
by the through holes are almost not conspicuous).

A: Good (gaps between beads on the surface of the molded article are sufficiently small and irregularities caused by
through holes are not very conspicuous).

B: Fair (gaps between beads and/or surface irregularities caused by through holes are slightly observed on the surface
of the molded article).

C: No good (gaps between beads and/or surface irregularities caused by through holes are remarkably observed on
the surface of the molded article of expanded beads).

Water cooling time:

[0129] As described above, after the completion of heating in the above production process of the molded article, the
produced molded product was cooled with water. The time required from the start of water cooling until a pressure drop to
0.04 MPa (G) had been detected by a surface pressure gauge attached to an inner surface of the mold cavity was
measured. Since the water cooling time occupies a major proportion of the molding cycle time, the shorter the water cooling
time, the better is the molding cycle time. The water cooling time was evaluated on the basis of the following criteria:

A: Water cooling time is 50 seconds or less.
A: Water cooling time is more than 50 seconds and 120 seconds or less.
C: Water cooling time is more than 120 seconds.

Moldability without aging:

[0130] As described above, the molded article taken out of the mold cavity was not subjected to an aging step which is
generally carried out by allowing the molded product taken out of the mold cavity to stand in the atmosphere at 60 to 80°C
for a predetermined time (about 12 hours in general). Rather, the molded article was simply allowed to stand at 23°C for 12
hours and evaluated for its moldability without aging. The moldability was evaluated in terms of (i) fusion bonding efficiency
and (ii) shape recoverability which are described below. A molded article that showed acceptable level in both evaluation
items (i) and (ii) was judged as having good moldability. A molded article whose evaluation on one or both items (i) and (ii)
was unacceptable level was judged as having poor moldability. Evaluation of the molded articles obtained in Comparative
Examples 2 and 3 was not carried out because the appearance thereof was no good.

(i) Fusion bonding efficiency

[0131] The molded article was folded and broken. The broken-out section exposed was visually inspected to count a
number C1 of expanded beads exposed on the broken-out section and a number C2 of the expanded beads which
underwent material fracture. A percentage ((C2/C1)Xx100) of the expanded beads which underwent material fracture
relative to the number of the expanded beads present on the broken-out section represents a material fracture rate (%).
The above measurement was performed on five different test pieces, and the arithmetic mean of the five fracture rates was
defined as fusion bonding efficiency (%). Fusion bonding efficiency of 90% or more is an acceptable level and that of less
than 90% is unacceptable level.

(ii) Shape recoverability

[0132] The molded article was measured for its thicknesses at five positions including near the four corners (at positions
10 mm inside from each corner toward the center) and at a central portion (intersecting point between longitudinal and
lateral bisecting lines). Next, a ratio (%) of the smallest thickness to the largest thickness was calculated. A ratio of 95% or
more is an acceptable level and a ratio of less than 95% is an unacceptable level.

[0133] From the results shown in Table 3, itis appreciated that the expanded beads of Examples 1 to 4 according to the
present invention are able to give a molded article having a desired shape and having both good appearance and rigidity
even when an aging step is omitted. In the case of Example 4, however, since the average cell diameter Li in the inner
surface portion is relatively large as compared with those of Examples 1 to 3, the appearance and compressive stress of
the molded articles are inferior to those of Examples 1 to 3. The expanded beads of Comparative Example 1 have no
through holes and, hence, the molded article obtained therefrom causes considerable shrinkage and deformation when
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the aging treatment is omitted. Further, the molding cycle time is very long. The expanded beads of Comparative 2 have a
large average hole diameter d of the through holes and a large average cell diameter Li in the inner surface portion of the
expanded beads and, hence, the molded article obtained therefrom has inferior appearance and low rigidity. In
Comparative 3, the expanded beads of Comparative 2 are molded in a different molding conditions with a view toward
improving the appearance and rigidity. However, the molding cycle time becomes longer though appearance of the
product is slightly improved.

Claims

1. An expanded bead (1, 1) of polypropylene-based resin, comprising a through hole (11), and an inner peripheral
surface (13) defining said through hole (11),
characterized in that

said through hole (11) has an average hole diameter d, as measured by the method disclosed in the description, of
1mm or less,

said expanded bead has a closed cell content, as measured by the method disclosed in the description, of 85% or
more and an average cell diameter La, as measured by the method disclosed in the description, of 50 wm or more
and 300 wm or less, and

said expanded bead has an inner surface portion (14) that extends along the inner peripheral surface (13) to a
depth of 300 wm from the inner peripheral surface (13) and that has an average cell diameter Li, as measured by
the method disclosed in the description, of 5 wm or more and 150 um or less,

wherein the average cell diameter Li of the inner surface portion (14) is smaller than the average cell diameter La
of the expanded bead.

2. The expanded bead according to claim 1, wherein the average cell diameter Li of the inner surface portion (14) is 30
pm or more and 100 pum or less.

3. Theexpanded bead according to claim 1 or 2, wherein a ratio Li/La of the average cell diameter Li of the inner surface
portion (14) to the average cell diameter La of the expanded bead is 0.65 or less.

4. The expanded bead according to any one of claims 1 to 3, wherein a ratio d/D of the average hole diameter d to an
average outer diameter D, as measured by the method disclosed in the description, is 0.4 or less.

5. The expanded bead according to claims 1 to 3, wherein the expanded bead has an average thickness t of 1 mm or
more and 2 mm or less, wherein the average thickness tis defined as (D-d)/2 where D is an average outer diameter, as
measured by the method disclosed in the description, and d is the average hole diameter.

6. Theexpandedbead according to claim 5, wherein aratio t/D of the average thickness t to the average outer diameter D
is 0.35 or more and 0.5 or less.

7. The expanded bead according to any one of claims 1 to 6, wherein the expanded bead has an apparent density, as
measured by the method disclosed in the description, of 10 kg/m3 or more and 150 kg/m3 or less.

8. The expanded bead according to any one of claims 1 to 7, wherein the expanded bead has a cover layer (15) that
comprises a polyolefin-based resin and that forms at least part of an outer peripheral surface (12, 12’) of the expanded
bead.

9. The expanded bead according to claim 8, wherein a mass ratio of the resin constituting the foamed core layer to the
resin constituting the cover layer is 99.5:0.5 to 80:20 and wherein the polyolefin-based resin constituting the cover

layer has a melting point which is lower than a melting point of the polypropylene-based resin.

10. Use of a multiplicity of the expanded beads (1, 1) according to any one of claims 1 to 9 for producing a molded article
wherein said multiplicity of the expanded beads are fusion bonded together by being heated in a mold.
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Patentanspriiche

1.

10.

Expandierte Perle (1, 1') aus Harz auf Polypropylenbasis, umfassend ein Durchgangsloch (11) und eine innere
Umfangsflache (13), die das Durchgangsloch (11) definiert,
dadurch gekennzeichnet, dass

das Durchgangsloch (11) einen mittleren Lochdurchmesser d, gemessen nach dem in der Beschreibung
dargelegten Verfahren, von 1 mm oder weniger aufweist,

die expandierte Perle einen Gehalt an geschlossenen Zellen, gemessen nach dem in der Beschreibung
angegebenen Verfahren, von 85 % oder mehr und einen mittleren Zelldurchmesser La, gemessen nach dem
in der Beschreibung angegebenen Verfahren, von 50 um oder mehr und 300 wm oder weniger hat, und

die expandierte Perle einen inneren Oberflachenabschnitt (14) aufweist, der sich entlang der inneren Umfangs-
flache (13) bis zu einer Tiefe von 300 p.m von der inneren Umfangsflache (13) erstreckt, und die einen mittleren
Zelldurchmesser Li, gemessen nach demin der Beschreibung angegebenen Verfahren, von 5 um oder mehr und
150 pm oder weniger aufweist,

wobei der mittlere Zelldurchmesser Li des inneren Oberflachenabschnitts (14) kleiner ist als der mittlere
Zelldurchmesser La der expandierten Perle.

Expandierte Perle nach Anspruch 1, wobei der mittlere Zelldurchmesser Li des inneren Oberflachenabschnitts (14)
30 wm oder mehr und 100 wm oder weniger betragt.

Expandierte Perle nach Anspruch 1 oder 2, wobei das Verhaltnis Li/La des mittleren Zelldurchmessers Li des inneren
Oberflachenabschnitts (14) zum mittleren Zelldurchmesser La der expandierten Perle 0,65 oder weniger betragt.

Expandierte Perle nach einem der Anspriiche 1 bis 3, wobei das Verhaltnis d/D des mittleren Lochdurchmessers d zu
einem mittleren Auflendurchmesser D, gemessen nach dem in der Beschreibung angegebenen Verfahren, 0,4 oder
weniger betragt.

Expandierte Perle nach einem der Anspriiche 1 bis 3, wobei die expandierte Perle eine mittlere Dicke t von 1 mm oder
mehr und 2 mm oder weniger aufweist, wobei die mittlere Dicke t als (D-d)/2 definiert ist, wobei D ein mittlerer
AuRendurchmesser ist, gemessen wie durch das in der Beschreibung angegebene Verfahren, und d der mittlere
Lochdurchmesser ist.

Expandierte Perle nach Anspruch 5, wobei das Verhaltnis t/D zwischen der mittleren Dicke t und dem mittleren
Auflendurchmesser D 0,35 oder mehr und 0,5 oder weniger betragt.

Expandierte Perle nach einem der Anspriiche 1 bis 6, wobei die expandierte Perle eine Schiittdichte, gemessen nach
dem in der Beschreibung angegebenen Verfahren, von 10 kg/m3 oder mehr und 150 kg/m3 oder weniger aufweist.

Expandierte Perle nach einem der Ansprtiche 1 bis 7, wobei die expandierte Perle eine Deckschicht (15) aufweist, die
ein Harz auf Polyolefinbasis umfasst und mindestens einen Teil einer dufleren Umfangsflache (12, 12’) der
expandierten Perle bildet.

Expandierte Perle nach Anspruch 8, wobei das Massenverhaltnis des Harzes, das die geschaumte Kernschicht
bildet, zum Harz, das die Deckschicht bildet, 99,5:0,5 bis 80:20 betragt und wobei das Harz auf Polyolefinbasis, das
die Deckschicht bildet, einen Schmelzpunkt hat, der niedriger ist als der Schmelzpunkt des Harzes auf Poly-
propylenbasis.

Verwendung einer Vielzahl von expandierten Perlen (1, 1’) nach einem der Anspriiche 1 bis 9 zur Herstellung eines
Formkorpers, wobei die Vielzahl der expandierten Perlen durch Erhitzen in einer Form schmelzverbunden wird.

Revendications

1.

Perle expansée (1, 1’) de résine a base de polypropylene, comprenant un trou de passage (11) et une surface
périphérique intérieure (13) définissant ledit trou de passage (11),
caractérisée en ce que
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ledit trou traversant (11) a un diameétre de trou moyen d, tel que mesuré par le procédé divulgué dans la
description, de 1 mm ou moins,

ladite perle expansée a une teneur en cellules fermées, telle que mesurée par le procédé divulgué dans la
description, de 85 % ou plus et un diamétre de cellule moyen La, tel que mesuré par le procédé divulgué dans la
description, de 50 wm ou plus et de 300 wm ou moins, et

ladite perle expansée a une partie de surface intérieure (14) qui s’étend le long de la surface périphérique
intérieure (13) jusqu’a une profondeur de 300 wm a partir de la surface périphérique intérieure (13) et qui a un
diameétre de cellule moyen Li, tel que mesuré par le procédé divulgué dans la description, de 5 wm ou plus et de
150 pm ou moins,

danslaquelle le diamétre de cellule moyen Lide la partie de la surface intérieure (14) est plus petit que le diamétre
de cellule moyen La de la perle expansée.

Perle expansée selon la revendication 1, dans laquelle le diametre de cellule moyen Li de la partie de surface interne
(14) est de 30 wm ou plus et de 100 wm ou moins.

Perle expansée selon la revendication 1 ou la revendication 2, dans laquelle un rapport Li/La du diamétre de cellule
moyen Li de la partie de surface interne (14) par rapport au diameétre de cellule moyen La de la perle expansée est de
0,65 ou moins.

Perle expansée selon I'une quelconque des revendications 1 a 3, dans laquelle un rapport d/D du diameétre de trou
moyen d sur un diamétre extérieur moyen D, tel que mesuré par le procédé divulgué dans la description, estde 0,4 ou
moins.

Perle expansée selon les revendications 1 a 3, dans laquelle la perle expansée a une épaisseur moyenne tde 1 mmou
plus et de 2 mm ou moins, dans laquelle I'épaisseur moyenne t est définie comme (D - d)/2 ou D représente un
diamétre extérieur moyen, tel que mesuré par le procédé divulgué dans la description, et d représente le diamétre de
trou moyen.

Perle expansée selon la revendication 5, dans laquelle un rapport t/D de I'’épaisseur moyenne t sur le diamétre
extérieur moyen D est supérieur ou égal a 0,35 et inférieur ou égal a 0,5.

Perle expansée selon 'une quelconque des revendications 1 a 6, dans laquelle la perle expansée a une densité
apparente, telle que mesurée par le procédé divulgué dans la description, supérieure ou égale a 10 kg/m3 etinférieure
ou égale a 150 kg/m3.

Perle expansée selon I'une quelconque des revendications 1 a 7, dans laquelle la perle expansée comporte une
couche de recouvrement (15) qui comprend une résine a base de polyoléfine et qui forme au moins une partie d’'une
surface périphérique extérieure (12, 12’) de la perle expansée.

Perle expansée selon la revendication 8, dans laquelle un rapport massique entre la résine constituant la couche
centrale moussée et la résine constituant la couche de couverture est compris entre 99,5:0,5 et 80:20 et dans laquelle
larésine a base de polyoléfine constituant la couche de couverture a un point de fusion qui est inférieur a un point de
fusion de la résine a base de polypropylene.

Utilisation d’une multiplicité des perles expansées (1, 1) selon 'une quelconque des revendications 1 a 9 pour

produire un article moulé dans laquelle ladite multiplicité des perles expansées sont liées par fusion en étant
chauffées dans un moule.
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FIG.5
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